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GPS Nominal Constellation

24 Satellites in 6 Orbital Planes
4 Satellites in each Plane

20,200 km Altitudes, 55 Degree Inclination

From: Peter H. Dana, The Geographer's Craft Project, Department of Geography,
The University of Texas at Austin. Copyright © 1998 Peter H. Dana
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Fig. 1. Original dara (USNO Master Clock)—GPS time in
sanoseconds versus the MID for period MID 5000000553 w0
50063, 32009,

the Kalman filter process run at the Master Control
Station in Colorado Springs and the response of other
sub-system components. There is a gap in the data
during the period MID 50011.45177 1o 5001246282,
due to data aguisition difficulties,

Fig. 2 shows a subset of the same data over the
time period MID 50020 to 50028. A salient feature of
the data is the scatter of points, on the order of 30 ns
peak-to-peak. This scauer is due to a combination of
effects [1], including noise in the receiver electronics
{~0.3 m== 1.5 ns), multipath effects (~ 1.4 m),
tropaspheric delay (~ 0.7 m), uncompensated
ionospheric delay (~ 1.2 m), satellits clock errors
(=~ 2.1 m), and ephemeris errors (~ 2.1 m), where all
values are | #. The USNO GPS antenna phase center
coordinates are belisved accurate 1o approximately
0.5 m. Perhaps the biggest contribution to this scatter
in the data is from the fact that all satellites in the
constellation do not have their navigation message
updated at the same time, resulting in a scatter of
values during any given measurement time, Besides
this scatter. a diumnal variation is apparent. Fig. 3
shows an eleven point average of the data in the time
period MJD 50020 to 50028, A divmal oscillation
of magnitude 18 ns to 20 ns peak-to-peak is clearly
present. The physical origin of this diurnal variation
is not well understood. Workers in the field [18] have
proposed a variety of reasons to explain this behavior,
in¢luding broadcast ephemeris errors, multipath errors,
incorrect receiver antenna phase center coordinates,
the fundamental accuracy limit of the clocks on the
Block II satellite vehicles, poor thermal control of the
clock systems (on the ground and in the sate]lites),
inaccuracies in modeling of the ionosphere and
troposphere, and that relativistic effects in the GPS
have not besn accounted for propery,

A. Fourier Transform

We search for periodicity in the data by
performing a Fourier transform using a fast Fourier
transform (FFT) algorithm. The FFT algorithm [23]

1352

s

MG~ G [na)

Mgl bolr Dt
Fig. 3. Original data, smoothed by mking average of elaven
paints, for tine period MID 50020 o 50008, Disrnal oacillaton
wm; magnitude of 18 05 o 20 s b evident.

requires that the data set be uniformly sampled in
time, however, the original data set is not uniformly
sampled. Therefore we fit a cubic spline 1o the
original data set and resample the data at a uniform
sampling rate A =, -, = 0.002 day, where t; is the
ume of the ith resampled data point. The sampling
rate of the original data varied in the approximate
range 0.009 to 0.013 day, so we have lost essentially
no information by resampling the data using a smaller
sampling interval. For the Fourier transform H{f}of a
function f(f) we use the convention

+ M=
H{f) = “ﬁ{f.'l-:"""" dizs A E kel
e k=i

N-1
=AY h N o ARy (3)

k=0
where b, = k(). For N data points there are ¥
Fourier amplimudes ar frequencies [, where n =
=N/2,...0,...,+N/2. The finite data set imposes
the periodicity on the amplitudes H, ., = H,. In
partucular, the amplitudes H_, - and H,; - are equal
and not independent. Positive frequencies () < f<r,
where f = 1/(2A) is the Nyquist critical frequency,
correspond to discree f forn=1,2,... ,N/2-1.
Furthermore, our data consist of a real function so the
amplitudes for negative frequencies are related o the
amplitudes for positive frequencies H(—f) = H(f)",
or in terms of the discrete amplinudes, H_, = H:.
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